We have synthetised 8-(2-4 dinitrophenyl 2-6 aminohexyl) amino-adenosine 5' triphosphate (in short : rATP-DNP), a derivative of ATP which carries a dinitrophenyl group. We show that rATP-DNP is a substrate for calf thymus deoxynucleotidyl terminal transferase (EC 2.7.7.31) and E. coli DNA polymerase I (Kornberg polymerase EC 2.7.7.7.). It can therefore be incorporated into DNA molecules by elongation from 3' ends or by nick translation. The incorporated dinitrophenyl group can be recognized by specific antibodies which can then be detected by anti-antibodies coupled to an enzyme. DMP groups could also be introduced into DNA after enzymatic incorporation of 8-aminohexyl adenosine 5' triphosphate and reaction with 1-fluoro-2-4-dinitrobenzene. Thus, DNA molecules carrying DNP groups can ultimately be revealed by enzymatic coloured reactions. Potential uses of this enzymatic labelling as a substitute to the radioactive detection of nucleic acids, are discussed.
INTRODUCTION
Nucleotide analogs are of widespread use in biology, particularly as mutagens and inhibitors of enzymatic reactions. They have often been the source of important methodological advances. A recent example is the use of dideoxynucleotides in DNA sequencing (1-3).
We and others (4) (5) (6) have become interested in introducing chemical modifications into nucleic acids which could be specifically recognized by enzymelinked molecules. In this way, nucleic acids could be detected by coloured enzymatic reactions rather than by radioactive labels. Manning et al. (7) described a way of linking biotin to RNA ; they showed that biotinylated ribosomal RNA, hybridized to DNA, could be visualized under the electron microscope by use of avidin (an eggwhite protein with very high affinity for biotin) coupled to polymethacrylate spheres. Following a similar procedure, we found that DNA-RNA hybrids formed in liquid could be detected by avidin coupled to 6-galactosidase (Cami, B., Guesdon, J.L., Avrameas, S., Kourilsky, P., 1978, unpublished results). We, however, failed to develop a convenient filter hybridization method and followed other approaches (described below). In the i IRL Press Limited, Oxford, England. 6787
0305-1048/82/1021-67878 2.00/0 meanwhile, Lauger et al. (8) have synthetized a biotin-substituted deoxyuridine 5' triphosphate. This nucleotide analog is incorporated into DNA by DNApolymerase I and can be detected by avidin or antibiotin antibodies coupled to peroxydase (9) .
In seeking alternatives to radioactive labelling, we looked for enzyme labelling substitutes to both internal and end labelling of nucleic acids.
Internal labelling is particularly important for the preparation of probes for hybridization, whereas end labelling is useful in a variety of analytical procedures, especially DNA sequencing. An internal labelling procedure will be described elsewhere (Tchen et al., in preparation). We report here on a proce- 2) Substrate activity of rATP-DNP with DNA polymerases rATP-DNP was tested for its ability to function as a substrate for two DNA polymerases : calf thymus deoxynucleotidyl terminal transferase and E. coli DNA polymerase I.
(i) It is known that deoxynucleotidyl terminal transferase is able to incorporate a small number of ribonucleotides at the 3' OH end of DNA molecules (10).
We analysed the addition of rATP or rATP-DNP to a purified DNA segment of 35 32 bp labelled with P at one ot its 5' ends and the products were run on a 8 % The kinetics of the elongation reaction is slow, but similar for rATP and rATP-DNP. In our conditions, it took about 24 hours to elongate more than 95 % of the DNA molecules, as judged from the addition of P labelled rATP in a control reaction. Using the same conditions, we could prepare DNA quantitatively elongated by rATP-DNP.
(ii) As previously reported (13) , ribonucleotide triphosphates may serve as substrates for DNA polymerase I provided that MgCl_ is replaced by MnCl.. We initially used 5 mM MnCl-in the reaction, as described (10) (Figure 4A ). In order to increase this low yield rfe determined the optimal salt conditions. We found that a 100 fold more rAMP The end labelling method based on the incorporation of rATP-DNP by terminal deoxynucleodidyl transferase, easily detects 10 pmole of DNA. This is about 32 10 fold less sensitive than routinely obtained after P end labelling of DNA.
Optimization of detection by antibodies and enzymes, and/or amplification of enzymatic signals might fill this moderate gap in sensitivity. As it stands, the method is usable for 3' end labelling of DNA when high sensivity is not required. In the future, such procedures may become significant in automatization of DNA sequencing techniques. It may also be noted that rATP-DNP per se could be useful to follow a number of enzymatic reactions which utilize ATP.
It is likely that DNA-polymerases would accept as substrates other analogs of the same type as rATP-DNP. The method described here can easily be adapted to synthesize many ribo-and deoxyribonucleotides carrying various antigenic
